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ABSTRACT

The result of a new experimental study of thermmiatic properties for the binary systems of acriglghwith
methanol, 1,4-dioxane and cyclohexane have beesepted. The density)( viscosity 4) and velocity (U) have
been measured over the whole range of composititineatemperature 303K. These properties have bsed to
determine the excess parameters such as excedsatidiaompressibility{,5), excess free lengthf), excess free
volume(VF) , excess internal pressurgf), excess relaxation timé&} ,excess acoustic impedancgjZand excess
Gibb’s(AG"). The non-ideal behavior of these binary systeassiieen revealed through the sign and magnitude of
the excess parameters. These parameters have tuekedson the basis of dipole-dipole interactiomsldydrogen
bonding as well as the nature and the strengtmigractions in the binary mixtures are discussed.

Keywords: Ultrasonic velocity, acoustical parameters, molacuhteractions, binary mixtures, Acrylonitrile,
methanol, 1,4-dioxane, cyclohexane and excess gheasm

INTRODUCTION

Ultrasonic velocity in the binary liquids mixturés very sensitive to molecular interactions and banused to
provide qualitative information about the physinature and strength of molecular interactions [1¥8je physical
and chemical properties of liquids mixtures haverbeorrelated to the nonlinear variation of ultrasoelocity and
other related acoustic and excess thermo-acoustameters [4, 5]. Hydrogen bonded systems are inéggesting
because hydrogen bond play a vital role in chemja®ysical and biological processes [6]. The staflynolecular
associations in organic mixtures having alcoharis of the component is of particular interest siatcohols are
strongly self associated liquids with a hydrogendsj7] and can be associated with any other gravin some
degree of polar attraction [8]. Acrylonitryl is amdustrially significant organic compound [9]he excess thermo-
acoustic properties and molecular interactionshin ltinary liquids mixtures of industrially importaacrylonitryl
with alcohol methanol and non-polar liquids 1,4x@ine & cyclohexane has been studied in the presser. The
liquid mixed, results in a non-ideal mixture beeao$ specific interaction between component mokes{d0-15].

In the present study ultrasonic velocity, densityl aiscosity have been measured experimentallytHerbinary
systems namelycrylonitrile + methano| Acrylonitrile + 1,4-dioxane and Acrylonitrile + cyclohexanamixtures
respectively at 303K. From the measured data,e@latoustical and thermodynamic excess paramedgesteen
computed and the results of excess parametersnatgzad in the light of molecular interactions hetbinary
mixtures.

MATERIALS AND METHODS

The liquid Acrylonitrile (solute) and methanol, idbxane and cyclohexane (solvents) were of Anglade
samples and purified before use. The binary mixnfralifferent mole fraction of the two components the
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Systems-l Acrylonitriletmethanol Systems-lI  Acrylonitrile+1,4-dioxane and Systems-lil Acrylonitrile
+cyclohexane respectivelyere prepared immediately before use. The velafitytrasonic wave (Yof frequency
10MHz and densityp) in these mixtures were measured by employidgagbnic Time Inetervelometer, UTI-10
( Innovative instruments , Hyderabad) , and hyitis sinker method in the temperature range 1G40Ultra
thermostat U-10 maintained temperature of samplasstant to 0°C. A specially designed and fabricated double
walled, metallic ultrasonic cell and glass cellrgavith 6- digit monopan balance permitted to aehiaccuracy of
1in 10* m/s in velocity and 1 in f@m in density measurement. An Ostwald’s viscomeias used for the
viscosity ) measurement of pure liquids and liquid mixturégnan accuracy of 0.0001Nfs. The viscometer was
calibrated before used. All the precautions wekerigo minimize the possible experimental error.

The various acoustical parameters such as Adialeatiapressibility £.), Intermolecular free lengthL{), Free
volume {),Internal pressure(), Relaxation timef) and Gibb’s energG) has been calculated from the measured
values of ultrasonic velocityl) ,the density ) and viscosityf) of the medium using the following standard
equations as:

Pa = 1/ (Fp), e (1) =K@ e (2)
Vi =[Meg U/Kn)™® oo (3) m =bRT (Kn/U)2(p" M™)  wreoeeee @)
AG = (KgT) log (KgTt/h) ~ —---meev (5) Z =y --—{6)
T =8P e )

Where K — is a Jacobson’s constant. Wherg: i the effective molecular weight @yl= > m; x; in which m and x
are the molecular weights and the mole fractiorihef individual Constituents respectively). K iseanperature
independent constant which is equal to 4.28%fd0all liquids, b stands for cubic packing whistassumed to be 2
for all liquids, and T is the absolute temperatifgis the Boltzmann’s constant and h has usual meaning

Excess parametergAF):
Represent the difference between the parametaeabmixtures A.,,) and those corresponding to ideal mixtures

(Aig)-

AR=Agpe —Aa (8)
Where Aid = YA; X;, i = 1, 2, 3, n. Ais any acoustical parameters andtke mole fraction of the liquid
components.

RESULTS AND DISCUSSION

The values of ultrasonic velocity (U), density) @nd viscosity ) for the pure liquids used in this paper are
compared with literature values and shown in thbld-4. Table-2 shows, the variation of excess cesgbility

(Bs), excess free lengthff), excess internal pressurér©),excess acoustic impedantdy),excess free
volume(ViF),excess relaxation tima and excess Gibb’s free eney@) for different mole concentration of
solute(Acrylonitrile) for the system-l:(Acrylonité+methanol),system-II: (Acrylonitrile +1,4-Dioxnednd the
system-Ill:( Acrylonitrile +Cyclohexane). The trenth excess or deviation parameters such as excess
compressibility ), excess free lengthff), excess internal pressupe®),excess acoustic impedanzdy),excess

free volume(\F),excess relaxation timer§ and excess Gibb's free enemy@) versus mole fraction of
Acrylonitrile(solute) are shown in Fig.1-7. The ess thermodynamic properties of organic liquid omies depend

on the chemical nature, size and shape of thestitoant molecules.

In general B,£ values depend upon two factors; (i) Increasedas fength due to loss of dipolar association, break
up of hydrogen bonding and difference in size dmipes of component molecules, (ii) Decrease inléegth due
to dipole-dipole interaction, hydrogen bonding,c&sation and complex formation between componeneoues
and also due to interstitial accommodation forkelinolecules if there is a difference in their siZe inspection of
Table-2 reveals that, the first effect contribut@sncrease in interface between molecules in métrhis would
results the excess adiabatic compressibifit§)(is negative over the entire composition rangéhefmixture for all
the systems investigated. The negative value afesxadiabatic compressibility indicate that tlyeili mixture is
less compressible than the pure liquids forming sbkition and the molecules in this mixture are entghtly
bound in the liquid mixture than in pure liquidghus negative value of excess adiabatic comprdiggibf this
system indicates strong specific interaction betwde component molecules and interstitial acconatiod of
small molecules in the voids created by bigger mdks.
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Table — 1: Comparison of experimental values of desity (p), viscosity §) and ultrasonicVelocity (U) of pure liquids at 30K with
literature values

Pure liquids Densityp)( Kg m®) | Viscosity 1) (10°NSm?) | Velocity (U)(m/s)
Expt. Literature Expt. Literature Expt. Literatufe
Acrylonitrile | 806.60 |  -------- 0.3060| = ------ 1425.0p  -----
Methanol 776.10 777.70 0.5150 0.5030 1086/00 10876
Dioxane 1027.40  1028.10 0.8154 1.0100 1324.00  0823.
Cyclohexane| 772.30 763.70 0.688} 0.6895 124(.00 3.304

Table -2: The computed excess thermodynamic paranet at 303K for the systems |, Il & Il respectivel:

Mole fraction | pa®x10™ | LiEx10™ | VEXx10" | Jifx10f | T x10% | Za®x 10 | AGFx 10%*
Xi | X (m*N?) (m) (m®.mole™) (Pa) (S) (Kgm3s?) | (K;ymole?)
System-1: Acrylonitrile + Methanol

0 1 0 0 0 0 0 0 0
0.1 0.9 -0.1964 -0.0041 -0.7617 -157.65 -0.0282 0018 0.0001
0.2 0.8 -0.3708 -0.0083 -1.4720 -227.45 -0.0378  00@2 0.0030
0.3 0.7 -0.4652 -0.1050 -2.0436 -259.83 -0.05P3 0006 0.0028
0.4 0.6 -0.5076 -0.0115 -2.4745 -263.08 -0.0606 00D1 0.0024
0.5 0.5 -0.5270 -0.0122 -2.8542 -239.63 -0.05R9 00@8 0.0059
0.6 0.4 -0.4904 -0.0116 -2.9468 -207.93 -0.0510 0016 0.0052
0.7 0.3 -0.4268 -0.0103 -1.4840 -185.91 -0.0986 0084 0.0223
0.8 0.2 -0.3122 -0.0076 -2.3653 -112.88 -0.0250 0025 0.0077
0.9 0.1 -0.1716 -0.0042 -1.4326 -60.39 -0.019 000 0.0019

1 0 0 0 0 0 0 0 0

System-II: Acrylonitrile + 1,4-Dioxane

0 1 0 0 0 0 0 0 0
0.1 0.9 -0.0040 -0.0001 -0.8423 7.284B 0.0327 @Lo0p  0.0152
0.2 0.8 -0.0527 -0.0001 -1.4991 4.547p 0.0315 @005 0.0199
0.3 0.7 -0.0806 -0.0003 -2.1072 3.1798 0.0325 @008 0.0245
0.4 0.6 -0.0547 -0.0002 -2.6613 3.2944 0.0374 @O0 0.0296
0.5 0.5 -0.0659 -0.0002 -3.1142 3.663p 0.0484 @006 0.0330
0.6 0.4 -0.0733 -0.0002 -3.4424 4.641p 0.0391 @00p  0.0348
0.7 0.3 -0.0675 -0.0002 -3.6251 6.643p 0.04p7 RO0p  0.0369
0.8 0.2 -0.0649 -0.0002 -3.5617 8.832B 0.04p5 @®006 0.0350
0.9 0.1 -0.0316 -0.0002 -2.6044 5.8614 0.0249 GL003  0.0233

1 0 0 0 0 0 0 0 0

System-llI: Acrylonitrile + Cyclohexane

0 1 0 0 0 0 0 0 0
0.1 0.9 -0.0470 -0.0011 -0.5968 -3.1497 -0.0193  o@®0 0.0028
0.2 0.8 -0.0106 -0.0026 -1.1193 -3.9441 -0.0364  0@/0 0.0044
0.3 0.7 -0.0177 -0.0049 -1.5562 -7.0021 -0.0512  0@B0 0.0046
0.4 0.6 -0.0923 -0.0016 -1.9066 -8.9948 -0.0516 0280 0.0074
0.5 0.5 -0.1587 -0.0041 -2.5127 -1.2585 -0.0281 0200 0.0174
0.6 0.4 -0.1544 -0.0041 -2.0170 -11.7182  -0.0611 0246 0.0027
0.7 0.3 -0.1532 -0.0043 -2.3987 -12.4459  -0.0592 0048 0.0016
0.8 0.2 -0.1230 -0.0036 -0.9306 -12.8766  -0.0543 0047 0.0075
0.9 0.1 -0.0849 -0.0027 -1.1161 -2.9833 -0.0181 0460 0.0029

1 0 0 0 0 0 0 0 0

The overall excess free volumefVis also negative for all the systems over théremomposition range of the
mixture. The overall negative value of excess freleame (") for the systems, suggests the component molecules
are more closed together in the liquid mixture thathe pure liquids forming the mixture, indicafithat, strong
attractive interactions between component molecslie as hydrogen bonding and dipole-dipole int&nas. The
variation of excess free lengthf)Lis negative over the entire range of compositifam, all the systems. The
negative value of excess free lengtifYlfor all the systems indicates structural readestt in the liquid mixture
toward a less compressible phase of fluid and clpseking of the molecule. This aspect further sufgpthe
variation of other excess parameters such as, keEsnal pressurer), excess acoustic impedan@al), excess
relaxation timef) and excess Gibbs free energyf).

The trend of figure-1 and 2 shows tifaf and LF are increasingly negative as Acrylonitrile (AN) radtaction is
increased. Thus, strong dipolar interactions astricted more and more. Howeves=V for all the systems are
mostly negative, existing weak dispersive intemti Such existence of weak interactions was aqoefir by
Karthikeyan et al [16].
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Fig.1-7: Graphs for excess parameters of adiabatmompressibility, free length, free volume, internbpressure, relaxation time, acoustic
impedance and Gibb'’s energy for System-I, System-Hnd System-lll respectively are as shown below:

=—o=AN+ Methanol —B—AN+Dioxane == AN+Cyclohexane
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CONCLUSION

The dependence of ultrasonic velocity and otheivddrparameters on composition of the mixturesi@cation of
the presence of molecular interactions. Weak déspe type interactions are confirmed in the systémrestigated.
Components maintain their individuality in the mirds of all the systems investigated. All the ekpental
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determinations of acoustic parameters and theieexealues are strongly correlated with each othehis paper,

the excess thermodynamic parameter such as exoegseassibility f5), excess free length i), excess internal
pressurgnF), excess acoustic impedanc&)( excess free  Volume (¥, excess relaxation time® and excess
Gibb's free energyAGF) for different mole concentration  of solute ¢onitrile) for the above binary mixtures
are evaluated and these parameters suggests preébence of weak molecular interactions. This maéc

interaction is primarily of dipole —induced dipdige. Further in all the systems, the non-polataiyexane and 1,
4-dioxane behaves as structure breaker for asedcfatrylonitrile.

Acknowledgement
Author VDB [File No.: F-47-919/09(WRO)]) acknowleelghe financial assistance from UGC, in the fornMafor
Research Project grant.

REFERENCES

[1]G Padmanabhan, R Kumar, V Kannappamé& S Jayky2@ik2. Ind Jour of Pure and appli Ph$0, 899-906.
[2]Ali A, Hyder S & Nain A K, £002. Indian J Phys76B (5), 661-667.

[3]1Bhandakkar V D, Tabhane V A & Sharda Gho28d3. Ind Jour Pure and Appli Phys, 41, 849 -854

[4]Ali A and Mohd Tarig 200§. Pure and applied Ultrasonic. 28, 99-104.

[5]Selvakumar M & Krishna Bhat D2008. Ind Jour of Pure and appli Phy6, 712-718.

[6]John George, Sastry N V, Patel S R & Valand NPR02. J Chem Eng4d7, 262-269.

[7] Ali A, Hyder S & Akhtar Y 005. Indian J Phys, 79(2), 153-156

[8]Vogel A 1, A Text book of Practical Organic chemistry5th Edah(n Willey, New York)989

[9] Bhandakkar V D and Rode Swet20(2. Advs in Appli Sci Res Jour, Pelagia Research Lipra(5), 3223-
3229

[10] Bhandakkar V DZ0132. International Jour of Scientific res, Jour of Applhys.1(5), 38-43.

[11] G R Bedare, V D Bhandakkar& B M Suryavanst013. Der Pharmacia Sinica4(1),97-101.

[12] G R Bedare, V D Bhandakkar& B M Suryavanst13. Pelagia Research Librafer Chemica Sinicag(1),
132-137.

[13] G R Bedare, V D Bhandakkar & B M SuryavansBDI2. International Journal of Material Science
Engineering. 42(, 012028, IOP Publishing, doi: 088/1757-899X/42/1/012028.

[14] N R Pawar, O P Chimankar & V D Bhandakk2012. International Journal of Material Science Enginewyj
IOP Publishing, doi:10.1088/1757- 899X/42/1/01243,012030.

[15] N R Pawar, Chimankar O P & Bhandakkar VZD12. Ind Jour Pure Appli Ultrasonics4, 2(3), 49-52.

[16] Karthikeyan V& Palaniappan 120095. J Phys.,79(2), 153-156.

16
Scholars Research Library



